ABSTRACI'. To determine the fate of the atrioventricular endocardial cushions in cardiac development, we used staining methods for extracellular fibronectin, which is abundant in the endocardia] cushions, and actin, which is abundant in the myocytes. White Leghorn chick embryo hearts were harvested at Hamburger and Hamilton stages 26 to 36, and serial sections of the atrioventricular valve region were stained. Before atrioventricular valve formation, fibronectin and actin staining reveal separation between the fibronectin-rich endocardial cushions and the actin-rich myocardial layer. The developing mitral valve leaflets at all of the observed stages contain a fibronectinrich matrix but no actin-rich myocytes. In contrast, the tricuspid band includes both fibronectin matrix and actinrich cells. We conclude that the mitral valve leaflets in the chick form predominantly from the endocardial cushion tissue, and the tricuspid band receives contributions from both the endocardial cushions and surrounding myocardium. (Pediatr Res 32: 390-393, 1992) The endocardia1 cushions are derived from transformed endothelial cells and cardiac jelly (1 -3) sandwiched between the single layer of endothelial cells and the myocardium (4). At Hamburger and Hamilton stage 15 (5) of chick embryonic development, some of the endothelial cells transform into mesenchymal cells (fibroblasts) and migrate into the cardiac jelly, possibly under the influence of transforming growth factor-@ (6, 7). The mesenchymal cells proliferate, produce an extracellular matrix rich in fibronectin, and become the major cellular component of the endocardial cushions (8). During early development, the endocardial cushions function as valves (9). They later fuse with the interatrial septum and the interventricular septum, dividing into distinct mitral and tricuspid valve components (10). The controversy begins at this point about the fate of the endocardial tissue.
The endocardia1 cushions are derived from transformed endothelial cells and cardiac jelly (1 -3) sandwiched between the single layer of endothelial cells and the myocardium (4). At Hamburger and Hamilton stage 15 (5) of chick embryonic development, some of the endothelial cells transform into mesenchymal cells (fibroblasts) and migrate into the cardiac jelly, possibly under the influence of transforming growth factor-@ (6, 7). The mesenchymal cells proliferate, produce an extracellular matrix rich in fibronectin, and become the major cellular component of the endocardial cushions (8). During early development, the endocardial cushions function as valves (9) . They later fuse with the interatrial septum and the interventricular septum, dividing into distinct mitral and tricuspid valve components (10) . The controversy begins at this point about the fate of the endocardial tissue.
This study was undertaken to determine the origin of the atrioventricular valves in the chick embryo. Using immunohistochemical staining, we showed that the mitral valve leaflets contain solely endocardial cushion tissue, whereas the tricuspid band includes both myocardial cells and endocardia1 cushion.
MATERIALS AND METHODS

Antibodies.
Dr. E. Ruoslahti (La Jolla Cancer Research Foundation, La Jolla, CA) generously supplied the goat anti-chicken plasma fibronectin antibody used for fibronectin staining-a polyclonal antibody. A fluorescein-conjugated rabbit anti-goat IgG served as the second antibody and was obtained from ICN ImmunoBiologicals (Lisle, IL). Both the rabbit anti-actin antibody and fluorescein-conjugated goat anti-rabbit IgG were obtained from ICN ImmunoBiologicals for actin staining. The polyclonal anti-actin antibody was produced using isolated actin from chicken back muscle. It stains stress fibers of cultured chick fibroblasts and 1 bands of skeletal muscle.
Histology and immunohistochemical staining. White Leghorn chicken eggs were incubated at 37.5'C in humidified room air for 5,6,7,8,9, and 10 d, which produced embryos at Hamburger and Hamilton stages 26, 29, 31, 34, 35, and 36. The embryos were harvested in 0.9% normal saline, and the hearts were isolated and fixed in Carnoy's solution (1.0 mL acetic acid, 6.0 mL 100% ethanol, and 3.0 mL chloroform). After embedding in paraffin, the hearts were sectioned in the frontal plane at a thickness of 6 pm. Serial sections were mounted on gelatincoated slides and stained as described below.
A standard immunofluorescence procedure was performed for extracellular fibronectin produced by the mesenchymal cells of the endocardia1 cushion (1 1). Similar sections were stained for intracellular actin to discriminate actin-rich myocytes from mesenchymal cells. Negative control sections were incubated in saline containing BSA, nonimmune goat serum, or nonimmune rabbit serum. Other serial sections were stained with a standard hematoxylin and eosin procedure for anatomy and cell death determinations. The sections were viewed and photographed using either a Zeiss WL or Leitz Dialux microscope, both equipped with epifluorescence.
RESULTS
The superior and inferior endocardia1 cushions are well developed by stage 26 in the chick, and a common atrioventricular valve orifice exists without identifiable mitral or tricus~id valves. The border between the endocardia1 cushions and the myocardial layer is easily distinguishable, and a few myocytes appear to migrate into the endocardia1 cushion ( Figs. 1 and 2) .
The atrioventricular valves begin to take shape at stage 3 1, and the valves mature by restructuring of the endocardial cushion masses. On the mitral side, the valve leaflets form from the fibronectin-rich matrix tissue without contribution of the surrounding actin-rich cells. In the chick, the mature tricuspid valve is a muscle band instead of leaflets (12) . The tricuspid band receives contributions from both the endocardia1 cushion tissue and ventricular myocardium ( . and endocardial cushion (EC) are labeled on the line diagram of the heart section. a, There is a common atrium with the inferior endocardial cushion tissue. The stain is specific for intracellular actin that highlights the myocytes (M). The large but low-intensity staining material is the cushion tissue. h, A high-power view shows a clear line of demarcation between the low-intensity staining cushion tissue and the highintensity staining of the surrounding myocytes. High-intensity staining myocytes (black arrow) are migrating into the endocardial cushion tissue that will ultimately form part of the tricuspid band or base of the mitral valve leaflets. In recent studies of the descriptive embryology of the human heart, some investigators believed that invagination and myocardial undermining result in the formation of the atrioventricular valves (1 3). The endocardial cushion tissue functions as a glue, holding together myocardial structures (14, 15) and does not . --materially contribute to the mitral valve except for a small portion of the aortic leaflet ( 13, 16, 17) .
Descriptive embryology using graphic reconstruction of tissue et al. ( 19) labeled the superior (ventral) endocardial cushion and found the marker not only in a large area of the left ventricular infundibulum, but also in the base of the free portion of the anteroseptal mitral leaflet.
We used staining techniques that would specifically stain certain tissue types of the developing chick heart and followed those tissues during development. Other investigators demonstrated that fibronectin is present in the cardiac jelly before and during mesenchymal migration in the endocardial cushions, but these studies did not reveal the origin of the fibronectin (20, 21) . Ffrench-Constant and Hynes (22, 23) localized mRNA coding for fibronectin in the mesenchymal cells and endocardial cells of the stage 24 endocardial cushion using in situ hybridizations. In addition, the myocytes of the myocardium did not produce any of the fibronectin mRNA. Armstrong and Armstrong (24) established that mesenchymal cells of stage 36 hearts grown in monolayer culture produce a significant amount of extracellular fibronectin. Thus, we have strong evidence that the fibronectin staining used in this study will specifically stain the extracellular matrix derived from mesenchymal tissue. It is clear from our data that a fibronectin-rich tissue makes up the atrioventricular endocardial cushions and continues to be present in both of the developing atrioventricular valves. Ruzicka and Schwartz (25) published a thorough investigation on the appearance of various actin mRNA isoforms in the chick embryonic heart using in situ hybridizations and dot blots. They provided no data suggesting that any of the forms exists in the atrioventricular endocardial cushion region only. Thus, the low-intensity actin staining of the endocardial cushions in this study is not due to the presence of myocytes with a form of actin unrecognized by the antibody. Clearly, the actin-rich cells intermingle with cells in the tricuspid band but not in the mitral leaflets. In conclusion, we agree with De la Cruz et al. (1 8 ) and Garcia-Pelaez et al. (19) that the endocardia1 cushions physically contribute to the atrioventricular valves.
We have considered another interpretation of our findings. Cells in the early endocardial cushions may die and be replaced with fibroblasts that originate from transformed myocytes of the surrounding myocardium. Pexieder (26) defined "cell death zones" or "cell death foci" that contain dying or dead cells in 30-70 volume percent of the tissue. He did find cell death zones in the atrioventricular cushions. Pexieder and other investigators have suggested other areas of programmed cell death such as the bulbar and truncal region in the developing heart (26) (27) (28) . During our survey of atrioventricular valve development, we saw evidence of the normal background cell death that made up less than 3% by volume of the tissue, but we did not observe cell death zones or phagocytosis with hematoxylin and eosin staining. Fananapazir and Kaufman (29) also have questioned many of the original publications on cell death, since they observed no cell death zones in the bulbar cushion of the developing mouse heart. We did not try to establish whether myocytes transform into fibroblasts and migrate into the endocardial cushions, and there is very little literature on this topic. Arguello et al. in 1978 (30) provided some evidence of myocardial cell to fibroblast transformation in the truncal region of the chick heart.
In conclusion, using staining methods for extracellular fibronectin and intracellular actin, we have speculated on the origins of the atrioventricular valvular apparatuses. We suggest that the atrioventricular endocardial cushions are involved in the morphogenesis of both the mitral valve and tricuspid band in the chick. The mitral valve leaflets appear to be derived from endocardial tissue while the base of the valve leaflets is composed of a combination of fibroblasts and myocytes. The tricuspid band appears to have a dual origin, endocardia1 cushion tissue and myocardium. 
